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intra-corpuscular. We are surprised also to find 
no reference to amcebic dysentery; with many 
cases now coming from abroad the practitioner is 
quite likely to meet with this disease. While 
pointing out these few slight blemishes, we can 
cordially recommend this book as on the whole a 
simple and reliable guide to clinical bacteriology 
and pathology. 

Soil Conditions and Plant Growth. By Dr. E. [. 

Russell. Third edition. Pp. viii + 243. (Lon¬ 
don: Longmans, Green, and Co., 1917.) Price 

6 s. 6 d. net. 

This book is, as the title implies, concerned with 
the relationship between soil and plant. After 
an introductory historical account of the subject 
the author describes the constitution of the soil 
and the various factors of plant growth. In the 
development of these topics and of the question of 
the relation of the plant to its soil environment, 
the reader is kept constantly in touch with the 
best original work at home and abroad. 

The author has made numerous additions in his 
third edition, and has considerably expanded those 
portions treating of the biological conditions in 
soils. He has also added a chapter on the 
colloidal properties of the soil, in which he brings 
the reader abreast of the recent researches and 
disputes of Continental workers, as well as the 
latest Rothamsted work on the interaction of 
dilute acids and soil colloids. 

It is superfluous to say that the book is well 
written. There is an ample bibliography, which 
should be invaluable to the investigator in any 
branch of the subject. 

The study of the relationship between soil and 
plant is exceedingly complex. Progress can only 
be made by studying the soil in every aspect of 
importance to the plant. It is a pity that so much 
labour should have been expended during past 
years in haphazard manurial trials, designed to 
instruct the farmer, but yielding generally 
a scanty harvest of accurate information. Soil 
investigators owe a debt to Dr. Russell and his 
predecessors at Rothamsted for enlarging the 
study of the soil into a respectable field of scientific 
activity. G. W. Robinson. 

Lezioni di Antropologia. By Prof. Fabio Frassetto. 

Vol. iii. Pp. xiii + 422. (Bologna: Mareggiani, 

1917.) Price 20 lire. 

In the thirteen lectures contained in this volume 
Prof. Frassetto covers that part of his course 
which is devoted to the limbs—their evolution, 
development, and morphology. In his lectures 
dealing with the methods which are to be applied 
to the measurement of bones and to the exact 
estimate of their anthropological characters he 
has introduced much that is new and valuable. 
All through these lectures is reflected that spirit of 
mutual understanding which has existed between 
the anatomists of Italy and England since Harvey’s 
time. There is no better summary of the contri¬ 
butions which British anatomists have made to 
physical anthropology than is to be found in these 
clearly written and excellent lectures by Prof. 
Frassetto. A. K. 
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LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for 
opinions expressed by his correspondents. Neither 
can he undertake to return, or to correspond with 
the writers of, rejected manuscripts intended for 
this or any other part of Nature. No notice is 
taken of anonymous communications.] 

The Radiation of the Stars. 

I am sorry that the only reply I can make to Prof. 
Eddington’s remarks in Nature of July 5 is that his 
amended equation seems to me neither to be true nor 
to lead to his supposed laws. But perhaps I may be 
permitted to offer a few remarks on the general 
problem. 

Suggested sources of stellar energy fall into two 
broad classes—gravitational and electrical, the latter 
including chemical and radio-active sources. Of the 
former the Helmholtz contraction is by far the most 
powerful source of energy; the contraction of our sun 
from a state of infinite rarity would provide energy 
for about 20,000,000 years of radiation at the present 
rate. 

An upper limit to the capacity of electrical sources 
can be calculated in a way I have not seen elsewhere. 
Our sun’s mass is 2 x io M grm., its radiation about 
4 x io 33 ergs per second. Thus to radiate for 20,000,000 
years (or, say, 7X10 14 sec.) at its present rate, each 
gram of matter must provide on the average 14 x io 14 
ergs of energy. A gram of matter contains 3 x io 23 
negative electrons, so that the average electron must 
provide 4-7x10- 9 ergs of energy, corresponding to a 
fall through a potential difference of 10 electrostatic 
units, or 3000 volts. This is the energy of falling 
from infinity to a distance of only 4'7Xio -10 cm. from 
a nucleus loe, and so is probably much greater than 
any energy actually available from changes of elec¬ 
trical structure; it is, of course, enormously greater 
than any known ionisation potentials. 

It accordingly looks as though the Helmholtz con¬ 
traction will provide much more energy than any 
other source, and we must apparently adjust our 
views to the time-scale set by the contraction theory. 

If this is accepted, it will be obvious that the calcu¬ 
lation of stellar temperatures and emissions of energy 
cannot be a steady-state problem at all. I do not see 
how, in any case whatsoever, any new knowledge can 
be gained from calculations which assume the star to 
be in a steady state, for the calculated rate of emission 
can come to nothing but the previously assumed rate 
of generation of energy inside the star. For pro¬ 
gress to be made, this big and difficult problem roust, 
I think, be attacked on dynamical, and not on statical, 
lines. 

July 7- 

I hope I may state my grounds for disbelief in 
Prof. Eddington’s results more clearly. The results 
are readily combined in the one result that the total 
emission depends only on M, and varies as M. Prof. 
Eddington claims to obtain this result in two ways. 
In his original paper he assumes ( M.N., vol. Ixxvii., 
p. 20) a rate of generation 4»rMe, and after much 
calculation obtains a result which, on introducing the 
omitted constants, reduces (l.c. p. 29, equations (29) 
and (25)) to exactly 47rMe, proving my point. Again, 
in Nature of June 14, Prof. Eddington claims to ob¬ 
tain a result which I do not understand, but which is 
necessarily contradictory to the foregoing, since the 
emission cannot now involve e at all. He apparently 
says:—“Tell me the mass of a star and I will tell 
you its output of radiation without knowing the rate 
at which energy is being generated in its interior; I 
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can do this by assuming' the star to be in a steady 
state.” This I cannot believe to be possible. 

Prof. Eddington now says that the star “ must settle 
into a state of density and temperature which would 
produce an outward flow at the required rate.” Per¬ 
haps; but surely Prof. Eddington’s original conten¬ 
tion was that the rate of outward flow could not be 
affected by density and temperature, but depended only 
on the mass. J. H. Jeans. 

London, July 13. 


I am in general agreement with Mr. Jeans’s re¬ 
marks on the difficulty of obtaining a source of stellar 
energy more powerful than the Helmholtz contraction. 
It may be added that there is a conceivable source, 
which was, I believe, once suggested by Mr. Jeans 
himself, viz. a gradual annihilation ot matter by 
positive and negative electrons occasionally neutralis¬ 
ing one another. This would provide an almost in¬ 
exhaustible store of energy, but there is the grave 
objection that it affords no reason why the dense 
dwarf stars should liberate so much less energy than 
rarefied stars of the same mass. One would have 
expected compression to be favourable to the process 
of cancelling of electrons. The search for an additional 
store of energy is not at all encouraging; but, on 
the other hand, there are important arguments against 
the short time-scale—notably Prof. Strutt’s evidence 
of the age of terrestrial rocks, and the time needed 
for the tidal evolution of the earth-moon system. 
I have not felt myself able to combat the arguments 
on one side any more than on the other; accord¬ 
ingly, in the paper criticised by Mr. Jeans, the ques¬ 
tion was left entirely open. In the one place where 
it was necessary to consider the source of stellar 
energy, I attempted to show that my formula fairly 
represented both the radio-activity and the contraction 
hypotheses—having regard to the necessarily approxi¬ 
mate character of the investigation. 

The opinions in the last paragraph of Mr. Jeans’s 
letter seem much too sweeping. It is desirable to 
criticise them, because his disbelief in my results is 
presumably a corollary to his rejection of the possi¬ 
bility of obtaining information from consideration of 
a stationary or quasi-stationary state. If energy were 
generated at a fixed rate within the star, the radiation 
would no doubt have to take place at the same rate; 
but to bring this about the star must settle into a 
state of density and temperature which would produce 
an outward flow of energy at the required rate. We 
have thus a triangular equation-—generation of 
energy = theoretical emission (depending on the trans¬ 
parency and temperature-distribution) = observed emis¬ 
sion (given by the effective temperature). Mr. Jeans 
assumes that the imposed rate of generation must 
necessarily be involved in any results that are derived. 
But we can dispense altogether with the first mem¬ 
ber, and obtain “new knowledge” from the equation 
which remains. 

July 11. 

I am afraid we can scarcely trespass on your space 
to enter on the detailed discussion which seems neces¬ 
sary in order to arrive at an understanding. In a 
paper about to appear in the June Monthly Notices 
I have rearranged my analysis in what is, I believe, 
a more lucid form. If Mr. Jeans finds the result still 
unsatisfactory, I hope he will renew the attack in 
another place. 

With regard to his final point, I may give a word 
of explanation. It is true that I find that the total 
radiation of a giant star depends only on the mass-—to 
my order of approximation. If a different rate of genera- 
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tion of energy, fixed and independent of the density, 
were imposed, the star could not settle permanently 
in the giant state. If the supply were too small the 
star would contract, though more slowly than on the 
Helmholtz theory, and ultimately attain equilibrium 
in the dwarf state. The case of too large supply 
scarcely needs to be considered, since it involves an 
evolution in the reverse direction from that generally 
accepted. This may, perhaps, be regarded as addi¬ 
tional evidence of the difficulty of obtaining a long 
time-scale by assuming an unrecognised source of 
energy. A. S. Eddington. 

Cambridge, July 17. 


FORESTS AND RAINFALL. 

T HERE are several questions regarding the 
mutual relations of natural phenomena that 
appear at first sight so simple that the obvious 
answers may be received for generations as too 
clear to require reconsideration. One of these is 
the influence of forests on rainfall. It seems so 
natural that if a large area of bare ground is 
planted with trees which grow into a forest the 
moisture of the district will be increased by in¬ 
creasing rainfall, diminishing run-off, and, in hot 
countries, falling temperature, that one scarcely 
stops to inquire on what evidence the belief is 
based. Everyone must remember the vivid picture 
drawn in Marsh’s “Man and Nature ” of the deso¬ 
lation wrought in Palestine and other Mediter¬ 
ranean lands by desiccation consequent on the 
destruction of forests and abandonment of cultiva¬ 
tion. But in that work, as in most of the writ¬ 
ings on this and cognate questions, the motto of 
the discussion might be post hoc, ergo propter hoc. 

The problem has been attacked by innumerable 
writers in Europe and America, and we do not 
profess to have the mass of heterogeneous litera¬ 
ture at our finger-ends. We do, however, retain 
a general impression of unsatisfactoriness in the 
methods and results, and the impression is re¬ 
newed by the latest contribution to the subject, 
the Indian Forest Bulletin, No. 33. This consists 
of a “Note on an Inquiry by the Government of 
India into the Relation between Forests and Atmo¬ 
spheric and Soil Moisture in India,” prepared by 
Mr. M. Hill, Chief Commissioner of Forests of 
the Central Provinces. Mr. Hill has presented 
an admirable prdcis of what must be a large mass 
of official documents, and he appends two excel¬ 
lent memoranda by Dr. Gilbert Walker, the 
Director-General of Observatories in India. That 
the good work of Mr. Hill should leave an unsatis¬ 
factory impression is not his fault, but his mis¬ 
fortune in having to deal with official reports in¬ 
stead of plain scientific data. The history of the 
investigation as set out in the bulletin is briefly 
this :— 

In 1906 Lord Morley, then Secretary of State 
for India, sent to the Viceroy a note from Dr. 
J. Nisbet, formerly of the Indian Forest Service, 
pointing out that “ the relation of forests towards 
the mitigation of the severity of famines” had 
never been adequately considered. Sir William 
Schlich forwarded with Dr. Nisbet’s letter his 
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